Different cryo-protectants are commonly used to reduce the chances of sperm damage during freezing of semen. Comparative effects of three glycerol extenders A, B and C with 7% glycerol, anhydrous glycerol 5% and 7% respectively were studied on sperm motility, livability and livability index during the post freezing technique of buffalo bull semen at Semen Production Unit Quadrabad. The six Nilli-Ravi Buffalo bulls were divided into two groups on the basis of age, three into each group. In group I animals were selected from 3 to 5 years of age and in group II above from 5 years of age. Motility percentages after thawing in three extenders A, B and C were 46.88 ± 7.27, 54.69±7.85 and 61.24± 9.64 for three extenders respectively for group I. For group II the motility percentage after thawing in three extenders A, B and C were 48.13± 5.27, 57.19±7.85 and 64.38± 9.64 for three extenders respectively. The Livability after thawing for three extenders A, B and C were 4.56±1.20, 5.17±1.20 and 6.61±1.16 hrs respectively for group I. For group II values livability for three extenders A, B and C were 4.39±2.20, 5.33± 1.33 and 6.44±1.29 hrs respectively. Absolute index of livability for three extenders A, B and C averaged 136.83±35.27, 149.06±36.18 and 170.61±32.16 respectively for group I. For group II values of absolute index of livability for three extenders A, B and C were 125.61±25.27, 128.06±19.64 and 146.83±24.46 respectively. It was concluded that the extender C (containing 7 % anhydrous glycerol) showed best results in terms of motility after thawing and livability at 37°C followed by extender B ( containing 5 % anhydrous glycerol) and extender A (containing 7% glycerol).
INTRODUCTION
The artificial insemination is the best technique for genetic improvement of livestock. In this technique, the best quality semen collected from genetically superior sire, is evaluated, diluted and stored in the liquid or frozen form. The semen which is stored in liquid form after cooling to 5°C can be stored for 24-48 hours without the reduction in its motility. Through the cooling method, the semen which is stored for short time, many adverse effects are manifested in the form of reduction of structural integrity, motility of sperms and conception rates (Medeiros et al., 2002) . For the storage of semen for indefinite period, the liquid nitrogen with temperature of -196°C is preferred as it yields adequate fertilization rates (Hammerstedt et al., 1990) . However, cryopreservation is detrimental to spermatozoa and 50% of them lose their fertilizing capacity (Lessard et al., 2000) . The process of cryopreservation decreases the sperm fertility through structural changes in plasma membrane, reduction of mitochondrial functions and reduction of motility (Chaveiro et al. 2006 ). There are many factors which influence the success rate of cryopreservation including compositions of extender, cooling rate, packing and thawing rate and variations within species (Clulow et al., 2008) . To overcome these problems many cryoprotectants are used but glycerol has unique characters like penetrating within spermatozoa (Amann et al., 1993) . Mostly 6 to 7 % concentrations of glycerol in extender are used commonly for freezing of buffalo bull semen but attempts are made to reduce the concentration of glycerol to 2-3 % and above 7% (Nastri et al., 1994) . To get the maximum advantage from artificial insemination, it is necessary to halt the metabolic activities of spermatozoa for storage of longer time. The discovery of glycerol has made it possible due to its unique cryprotective activities. Various cryoprotective agents have been used but glycerol is the most widely used cryoprotectant for bull spermatozoa.
However, there is little information regarding the usefulness of anhydrous glycerol in deep freezing of buffalo bull semen. Therefore the present study was planned.
To compare the cryoprotective properties of hydrous and hydrous glycerol for deep freezing of buffalo bull semen collected from buffalo bulls of two age groups to study the post freezing motility, Livability and livability index of spermatozoa.
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MATERIAL AND METHODS

Experimental Animals
Six adult Nilli-Ravi buffalo bulls which were clinically without any reproductive problem were selected for the present study at semen Production Unit (SPU), Quadrabad, District Sahiwal, Pakistan. This region is situated at an altitude of about 173m and lies between longitudes 73° and 74°E and latitudes 30° and 30.15°N 9 (Ahmad et al., 1981) .The age of bulls vary from 3 to 9 years. The bulls were divided into two groups; group I, 3 to 5 years of age Group II, above 5 years of age. The bulls were maintained under the natural climatic conditions of that region. To save the animals from heat stress, two measures were adopted; one was location of sheds with North-South for cross ventilation and second was plenty of water for wallowing. The seasonal green fodder was provided to animals with 10% body weight of bulls. Clean water was provided for 24 hours. Vaccination against Hemorrhagic Septicemia (HS) and Foot & Mouth Disease (FMD) was done as per schedule. Preventive measures against worm infestation were also undertaken.
Semen Collection and Initial Evaluation
The collection of semen was performed with artificial vagina. The sexual stimulation of bulls was done by allowing the 1-2 false mounts (Younis et al., 1998) . At the time of each collection, two ejaculates were collected from each bull. The collected semen was evaluated immediately for mass activity, motility, morphology and sperm count. In this way, a total of 24 pooled semen samples, with eight samples for each bull, were used for further processing.
Extension and Freezing of Semen
The pooled semen samples from all bulls were diluted at 37°C by slow and one step method dilution method, using the three extenders A, B and C (Table1). Each semen sample was extended according to its sperm density to achieve a final concentration of 30×10 6 spermatozoa per insemination dose (0.5ml). After dilution, the motility percentage was recorded before filling of straws. After recording post extension sperm motility, samples were cooled to 22°C, filled in 0.5 ml French straws and equilibrated for 4 hours at 4°C. Then samples were frozen in the liquid nitrogen first by holding the straws in vapors 5 cm above the surface of the liquid nitrogen for 8 minutes (Fiaz et al., 2010) . Then straws were dipped in the liquid nitrogen for storage
Evaluation of Frozen Semen
After 24 hrs of storage in liquid nitrogen, the straws were thawed for 30 seconds in a water bath at 37°C and evaluated for sperm motility, livability and absolute index of livability and morphology. In order to determine the livability of spermatozoa, the thawed semen samples were kept at 37°C and the motility was observed at hourly intervals, till the death of the last sperm. Absolute index of livability of spermatozoa for each sample was computed as described by (Younis et al., 1998) .
Data Analysis
Mean (+SE) values of various parameters for bulls of two age groups and three extenders were analyzed through 2×3 factorial experiment through ANOVA using completely randomized design. Duncan's multiple range tests was applied for comparisons of means (Steel and Torrie, 1982 )
RESULTS
Motility Percentage after Extension
The motility percentage of age group I in extender A ranged from 60 to 75 percent with a mean of 62.71+3.61 percent while in extender B, it ranged from 60 to 80 percent with a mean 66.67±6.20 percent and in extender C it ranged from 60 to 90 percent with a mean of 73.54+8.40 percent. The motility for group II in extender A ranged from 60 to 75 percent with a mean of 64.79 + 5.41 percent while in extender B it ranged from 60 to 85 percent with a mean of 7 1.88 ± 7.34 percent and in extender C it ranged from 65 to 90 percent with a mean of 80.00 ± 8.60 percent as represented in (figure1) which represent significant difference among the extenders (P<0.0l). They ranked as C, B and A on the basis of motility percentage after extension. The highest motility was extender C, while the lowest in extender A.
Post thaw Motility Percentage
The value of post thaw motility percentage for group I in extender A ranged from 30 to 60 with mean of 46.88 ± 7.27 while in extender B it ranged from 40 to 75 with mean of 54.69±7.85 and in extender C it ranged from 40 to 80 with mean of 61.25±I0.57. In group 2 the values of post thaw motility percentage in the extender A ranged from 40 to 55 with mean of 48.13 + 5.74 while in extender B it ranged from 40 to 70 with mean of 57.19 + 7.30 and in extender C it ranged from 50 to 80 with mean of 64.38 + 9.64. Comparison of means are presented in figure (II) which represent significant difference among the extenders (P<0.01). They fell in the C, B and A order on the basis of post thaw motility percentage.
Livability (hours) of Post Thaw Spermatozoa
The livability of spermatozoa of group 1 ranged from 3 to 7 hours with mean of 4.56±l.20 hours for extender A while in extender B it ranged from 3 to 7 hours with mean of 5.171±.20 hours and in extender C it ranged from 4 to 8 hours with mean of 6.6 1 ±1.14 hours. Livability (hours) for group II in extender A ranged from 3 to 6 hours with mean of 4.39 + 2.20 hours while in extender B it ranged from 3 to 7 hours with mean of 5.33+1.33 hours and in extender C it ranged from 4 to 9 hours with mean of 6.44±l.29 hours.
Comparison of means represented in figure 3 represents significant difference (P<0.01) among the extenders. The best results were observed in extender C, followed by extender B and A. However, the effect of bulls within a group on livability (hours) was non-significant.
Absolute Index of Livability
The absolute index of livability (Figure 4 ) for group I in extender A ranged from 80 to 185 with a mean of 136.85 + 35.27 while in extender B it ranged from 85 to 215 with a mean 149.06 + 36.18 and in extender C it ranged from 120 to 220 with a mean of I70.6 I +32.16.
For group II the absolute index of livability in extender A ranged from 85 to 182 with a mean of I 25.6 I ±26.63, while in extender B it ranged from 100 to 180 with a mean of 128.06+19.64 and in extender C it ranged from 114 to 200 with a mean of 146.83 + 24.46. In figure 4 comparison of means are presented which show significant difference among the extenders (P<0.01). On basis of absolute index of livability the extenders ranked as C, B and A. The effect of age group was significant <P<0.0I), the value was lower in bulls of group I than group in II.
DISCUSSION
Based on the finding of the present study, the extender C containing 7 percent anhydrous glycerol gave better results in term of motility percentage after extension, motility percentage after thawing, livability (hours) and absolute index of livability in freeze thawed buffalo bull spermatozoa, followed by extender B containing 5 percent an-hydrous glycerol and extender A containing 7 percent glycerol. The effect of bulls within a group on motility percentage after extension, post-thaw motility was nonsignificant. However, the values of absolute index of livability were lower in younger bull of group I than group in II.
There was a significant difference among extenders and extender C differed significantly in both the age groups after extension of semen. These observations were in line with (Qureshi et al., 1988) reported motility percentage after extension averaged 55.4I and 60.63 for two bulls. Our results were also in close agreement to (Swelum et al., 2011) and (Rohilla et al., 2005) also reported the sperm motility 72.14± 1.47 and 71.10 ±0.41 in semen of buffalo bull respectively.
The results of post thaw sperm motility also revealed that in extender C containing 7 percent anhydrous glycerol gave better results in term of post thaw motility percentage which is comparable to that found by (Chinnaiya et al., 1979) , who found better results with the use of 7 percent anhydrous glycerol. Similar findings were reported by (Abbas and Andrabi, 2002) who reported 56 ±60 percent motility with 7 percent glycerol during the post-thaw motility.
Livability of spermatozoa after thawing at 37°C was significant in extender C as compared to B and A in both groups. Sadiq (1989) reported average livability of 9.8 ± 1.2 and 9.4 ± 0.7 hours for buffalo bull. The similar kinds of results were reported by (Younis et al., 1998) where overall mean Livability of spermatozoa was 5.04±0.11 hours. Siddique et al., (2006) reported the similar kind of findings with 7% glycerol of livability at 37 o C 8.6 ± 0.9, 7.6 ± 0.9, 9.2 ± 1.1, 8.3 ± 0.9 and 7.6 ± 1.0 hours. These result showed the significant difference among extenders A, B and C. Extender C differed significantly with that of extender A and B.
There was significant difference among age groups in absolute index of Livability. The Livability index of frozen thawed semen for group 1 and group II in extenders A, B and C were in line with that of (Younis et al., 1998) who reported Livability index of spermatozoa I52.84± 1 3.68.
Among the three extenders used in the present study, the extender C (containing 7% anhydrous glycerol) differed significantly from extender B (containing 5% anhydrous glycerol) and extender A (containing 7% glycerol). Extenders B and A also differed significant (P<0.05) in terms motility percentage after extension, motility percentage after thawing, livability of spermatozoa at 37°C and absolute index of livability. This difference may be due to higher binding ability of anhydrous glycerol which resulted in a change in the shape of ice crystals formed during freezing (Rapatz, 1966) . The glycerol has the ability to make the hydrogen bonding with water, permeable with cell membrane and has no effect of toxicity between the concentration of 1-5mol/l (Fuller and Paynter 2004) More particularly, the glycerol replaces the intracellular water during the process of cryopreservation and decreases the freezing point of water and resultant reducing the concentration of electrolytes in the unfrozen part so that low ice crystals are formed at any temperature (Holt 2000; Medeiros et al. 2002) . It changes the size and shape of ice crystals during freezing process (Smith et al., 1951; Sherman 1957; Rapatz, 1966) and hence it reduces the mechanical destructiveness to sperm cell. Lovelock (1953) reported that glycerol acts through "a salt buffering" mechanism. It binds water and markedly decreases the freezing point of solution and less ice is formed in its presence at any given temperature (Stein, 1962) . Lohman et al., (1964) stated that glycerol forms complex with metallic ions and reduces the chances of injury to sperms.
Anhydrous glycerol (due to purity 99%) is also oxidized by sperm cell, penetrates the cell rapidly and may reduce the mechanical destructiveness to sperm cell to a higher extent than hydrous glycerol. Salt buffering mechanism of glycerol may be enhanced by the use of anhydrous glycerol. It may also bind water and markedly decrease the freezing point of solution and less ice is formed due to its presence at any given temperature. Motility percentage after extension, motility percentage after thawing, livability and absolute index of livability were improved in anhydrous glycerol than glycerol due to its purity.
CONCLUSION
It was concluded from this experiment that pure glycerol produces the good results in freezing of semen of buffalo bull. Motility of buffalo bull is improved during cryopreservation, so pure glycerol should be used for freezing.
